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This invention relates to an improved com 
posite signal system, wherein two or more differ 
ent signals may be combined in such manner that 
they may be readily separated later one from an 
other without impairing their effectiveness, and 
wherein the signals are combined and maintained 
in predetermined relation to an established ref 
erence. The invention is very well adapted for 
use in picture transmission, or television systems, 
and for the purpose of illustration and disclosure, 
it will be described in reference to this specific 
application, although it is to be understood that 
the invention is not thus limited but is capable of 
being practiced in any instance where the princi 
ples and features of the invention may apply. 
In a system which is adapted to transmit visual 

images, as in the conventional television system, 
three or more different signals are usually con 
bined, transmitted, and then separated before the 
individual signals are used. These three signals 
may be, first, the video or picture signal, Second, 
a signal for synchronizing the horizontal Scanning 
means, and, third, a signal for synchronizing the 
vertical Scanning means. By the use of the pres 
ent invention, it is possible to combine these vari 
ous signals to form a composite signal which may 
be readily transmitted and in which the con 
stituent signals are arranged in a certain manner 
and in proper relation to an established refer 
ence, whereby the signals may be separated read 
ily at the receiving end of the System and the 
brightness of the transmitted picture may be 
accurately maintained or controlled, as will ap 
pear more clearly hereinafter. In some circum 
stances, only one synchronizing signal, rather 
than two, may be necessary and the invention in 
cludes features which may be used in such cir 
cumstances. 
One object of the invention, therefore, is to 

provide a novel method and means whereby a 
plurality of signals may be combined in such 
manner and may be maintained in Slich relation 
to an established reference, that the signals may 
be readily separated and used individually at the 
receiving station, and a characteristic of the 
composite signal may indicate some medium or 
condition at the transmitting station and may 
accordingly be employed for control purposes at 
the receiving station, for example to control the 
brightness of the transmitted picture in a tele 
vision system. 
Another object of the invention is to provide in 

a visual image transmission system a novel meth 
od and means whereby the video signal may be 
combined with the synchronizing signals to pro 
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duce a composite signal suitable for operating the 
signal receiver, and from which composite signal 
the component signals may be readily derived at 
the receiver. 
A further object of the invention is to provide 

in a visual transmission system a novel method 
and means whereby the horizontal and vertical 
Synchronizing signals may be combined at the . 
transmitter in such manner that they may be 
readily separated at the receiver without impair 
ing the effectiveness of either signal. 
These and other objects and features of the in 

vention will be more fully understood as the de 
Scription proceeds. 
In the drawings: 
Fig. 1 illustrates a frame having two areas of 

different light intensities; 
Fig. 2 illustrates a video signal which might be 

obtained by scanning a horizontal line of said 
area; 

Fig. 3 illustrates another frame having two 
areas of different brighter light intensities; 

Fig. 4 illustrates a video signal which might be 
obtained by Scanning a horizontal line of the 
area of Fig. 3; 

Fig. 5 represents a typical video signal which 
might occur in a television system; 

Fig. 6 represents a timing wave for establish 
ing synchronization in the system, a high fre 
quency signal being used for synchronization in 
one direction and a similar low frequency signal 
for Synchronization in the other direction; 

Fig. 7 illustrates the composite signal produced 
as a result of combining the video signal of Fig. 5 
with synchronizing signals derived from signals 
similar to that of Fig. 6; 

Fig. 8 illustrates a carrier wave modulated by 
the composite signal of Flg. 7; 

Fig. 9 is a diagrammatic illustration of a system 
in accordance with this invention showing the 
various wave forms produced therein; 

Fig. 10 illustrates the vertical synchronizing 
pulse formed by a portion of the system of Fig. 9; 

Fig. 11 is a schematic wiring diagram of a 
tuned amplifier employed in the system; 

Fig. 12 is a similar illustration of a signal 
shaping circuit employed in the system; . 

Fig. 13 is a similar view of a signal amplitude 
limiting amplifier employed in the system; 

Fig. 14 is a similar illustration of a signal 
adding amplifier employed in the System; 

Fig. 15 is a similar illustration of a signal-Con 
bining amplifier employed in the system; and 

Figs. 16 to 18 illustrate the component signals 
after separation thereof at the receiving station. 
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In order to enable a better understanding of 

the invention and the several features thereof, a 
brief preliminary description will now be given 
and certain terms will be defined. In a visual 
image transmission system, the synchronizing 
signals which are employed usually consist of 
pulses of brief duration which are advantageously 
seldom longer than a small percentage of the time 
interval between the pulses. For the duration of 
the synchronizing pulses, the video or picture O 
signal should preferably be eliminated. Conse 
quently, it is desirable to make the synchronizing 
pulses as short as possible and there should be 
provided means whereby the video signal may be 
eliminated during each synchronizing pulse. 
This elimination is known as "blanking' and is 
accomplished by means of a "blanking" signal 
which also consists of periodic pulses. For the 
sake of simplicity and in conformity with the 
conception and terminology employed by those 
Working in the art, the synchronizing and blank 
ing pulses may be considered to constitute en 
tirely the signals which they comprise, and the 
portions of each of these signal waves during 
which no pulse is transmitted may be considered 
as zero reference lines, even though there may be 
Some biasing voltage present due to the particu 
lar apparatus employed. Therefore, in the fol 
lowing description, unless otherwise indicated, 
the words 'signal,' 'pulses,' or "impulses' will 
be used to indicate; only that portion of the sig 
nal voltage which departs from the reference 
voltage. 

It is characteristic of the video or plcture sig 
nal that, except for the periodically blanked por 
tion, the signal is not periodic and contains a 
unidirectional or zero-frequency component. This 
signal, as is well known, represents the picture 
being transmitted and varies in accordance with 
the brightness of each picture element being 
Scanned. Consequently, in order to obtain the 
same relative measure of brightness in the re 
produced picture at the receiver as that of the 
picture at the transmitter which is being trans 
mitted, Some form of brightness control must be 
provided, 

Referring now to Figs. 1 to 4, in which Fig. 1 
represents an area one-half of which is black 
and one-half gray and Fig. 2 represents the video 
signal which might be obtained by scanning a 
horizontal line of the area of Fig. 1, it will be 
noted that the signal is zero for the portion cor 
responding to the black portion and has some 
Value W1 corresponding to the gray portion. Like 
Wise the video signal shown in Fig. 4, which 
would be obtained by scanning a horizontal line 
of the gray and white area of Fig. 3, would have 
a value Wii representing the gray portion and a 
value W2 corresponding to the white portion. 
The whole frame or picture would be obtained 
by scanning one line, then a line adjacent the 
first line etc., according to some regular order. 
The video signal for the frame would consist of 
a number of cycles, one for each line, similar to 
those of Figs. 2 or 4. As far as A. C. com 
ponents are concerned, the two signals are iden 
tical. The difference in illumination between 
the two is brought out by the zero-frequency 
component. It will be noted that in Fig. 2 this. 
Zero-frequency component would have a value 
equal to E1 whereas in Fig. 4 it would have a 
value of E2, these values corresponding to the 
average intensity of illumination of the whole 
area, and average voltage of the corresponding 
signal. For the case of moving objects, the aver 
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age illumination will change at a rate depending 
upon the rate at which the differently illuminated 
objects appear and disappear from the picture. 
Consequently, the signal proportional to the av 
erage illumination, which has been defined to be 
the Zero-frequency component, will have an am 
plitude which varies slowly as the average illu 
mination of the picture changes. In other words 
strictly speaking, this "brightness' signal or zero 
frequency component is not an absolute zero 
frequency signal but includes A. C. compounds of 
very low frequency compared with other frequen 
cles of the video signal. The reference level for the said Zero-frequency or brightness component 
may be taken to be the level corresponding to zero 
illumination. 

It would be well at this point to distinguish be 
tween 'brightness' and "contrast." As shown 
above, "brightness' may be considered as the 
measure of the average illumination of the pic 
ture Or image. On the other hand, 'contrast' 
may be defined as the difference in illumination 
between two points. On the picture or image. It 
will be seen, therefore, that while the A. C. com 
ponents of the video or picture signal may well 
represent and define contrast in a picture, they 
will not necessarily represent and control bright 
ness accurately unless some method or means, 
such as the transmission of a signal to establish 
the reference level, is used. The present inven 
tion provides a method and means by which au 
tomatic brightness control may be maintained by 
establishing a fixed transmittable reference level 
or plurality of levels in the composite signal pro 
duced, and by so arranging and maintaining the 
video signal with respect to at least one of these 
levels that the zero-frequency or brightness con 
trol component is included therein. 

Furthermore, the invention provides a method 
and means whereby the synchronizing signals are 
maintained at constant amplitude with respect 
to the reference axis, so that these signals may be 
separated by amplitude and wave shape discrim 
ination, which is very desirable. 

In a conventional television system, good defini 
tion requires that each frame be subdivided into a 
large number of lines which are scanned succes 
sively by the scanning apparatus. The scanning 
may be of simple form in which the successive 
lines follow directly one after another, or it may 
take the form of interlaced scanning in which 
successive sets of lines are scanned to form the 
complete frame, the sets of lines being interlaced 
Or intermingled. If the scanning beam moves 
horizontally, as is conventional practice, the hori 
2Ontal scanning frequency will be considerably 
higher than the vertical scanning frequency. For 
good definition, simple interlaced scanning may 
be employed, in which two interlaced sets of lines 
constitute a frame. There may be 345 lines to a 
frame and 30 frames per second. This would 
require for interacing a vertical scanning sig 
nal of 60 pulses per second and a horizontal 
Scanning signal of 10,350 pulses per second. 
Under these circumstances, the time required to 
scan One line and return would be about 97 
micro-seconds and the synchronizing impulse 
which actuates the means causing this deflection 
might require about 7 micro-seconds. The time 
duration of the vertical synchronizing pulse might 
be approximately 500 micro-seconds, 

It has been found desirable at the receiver to 
distinguish between the horizontal and vertical 
synchronizing signals by discriminating between 
them by both signal amplitude and wave shape. 
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Thus, the horizontal synchronizing signal may 
consist of high, relatively steep-sided pulses, 
which would include only high frequency com 
ponents, whereas the vertical synchronizing sig 
nal might consist of relatively low, gently slop 
ing pulses, which would include only low fre 
quency components. Since frequencies above a 
certain limit may not be transmitted, the steep 
ness of the horizontal pulses would be limited by 
this feature, and the pulses would resemble in 
verted truncated V's. Heretofore, the two signals 
have been simply added together, but since sev 
eral horizontal signal pulses, which may be sep 
arated from the vertical by amplitude relation 
and which are of longer duration at the botton 
than the top, Will occur during each vertical sig 
nal pulse, the two will coact detrimentally to the 
eficacy of the system unless certain precautions 
are observed. The present invention provides 
means by which this detrimental coaction of the 
two signals is prevented and the performance of 
the system is improved. The invention includes 
means for combining the two synchronizing sig 
nails so that the top of the horizontal pulses and 
the general shape and amplitude of the Vertical 
pulse are not disturbed. 

In accordance with the invention, there is pro 
vided means whereby valleys or serrations may 
be cut or formed in the vertical synchronizing 
pulse and arranged so that the horizontal syn 
chronizing pulse may be fitted into them in in 
terdentate fashion. In the case of simple Scan 
ning the valleys or serrations cut in the vertical 
synchronizing pulse may be arranged so that the 
horizontal synchronizing pulses may be placed : 
in them, the period of the serrations being the 
same as the period of the horizontal synchro 
nizing signals and the duration of the Serra 
tions slightly greater than that of the horizon 
tal synchronizing pulses. In the case of simple 
interlacing, the vertical scanning pulses will be 
spaced apart at intervals corresponding to an in 
tegral number plus one-half the horizontal 
pulse intervals. Consequently, as the valleys 
must be arranged in exact timed relation. With : 
the horizontal synchronizing pulses, the interval 
between the centers of the valleys must be one 
half the interval between horizontal synchro 
nizing pulses. By this invention, there is pro 
vided simple electrical means adapted to produce 
such a serrated vertical Synchronizing pulse 
which is accurately formed and properly timed 
with respect to the horizontal and vertical scan 
ning systems of the transmitter. The Same re 
sult might be obtained by modifying the hori- 5: 

shape may be used." 

3 
It will be understood that pulses of other Wave 

Fig. 7 illustrates the composite signal formed 
in accordance with the invention by combining 
the video and synchronizing signals after modi 
fication thereof in the manner hereinafter set 
forth. This composite signal may be used to 
modulate a carrier wave to obtain a modulated 
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wave such as shown in Fig. 8. . 
Referring particularly to Fig. 7, it will be 

noted that a reference level A-B is established 
and the portion of the composite signal above 
this level represents the combined synchroniz 
ing signals, while the portion of the composite 
signal below the reference level represents the 
video signal. The horizontal synchronizing sig-, 
nal is shown at and the vertical synchronizing 
signal is shown at 2. The video signal is des 
ignated 3, while the intervals during which the 
video signal is blanked or eliminated are shown 
at 4. The present invention provides a novel 
method and means for definitely establishing 
the reference level A-B and likewise for. defi 
nitely establishing the magnitude of the syn 
chronizing signals above this level. The video 
signal may be added below this level in such 
manner that the negative peaks correspond to 
picture high lights, while zero signal or the 
values approaching the reference level corre 
spond to deep shadows of the picture. The man 
ner in which the component signals are thus 
combined will be described fully hereinafter. 

Referring now to Fig. 9, there is shown dia 
grammatically at 5 a conventional camera tube 
and associated equipment, such as is employed at 
the transmitter of a television system and which 
functions to generate or produce the video sig 
nal, as shown in Fig. 5, and the horizontal and 
vertical scanning signals, as illustrated in Fig. 6, 
from which the horizontal and vertical syn 

. chronizing signals are derived. The horizontal 
Scanning impulses may be applied to a tuned 
amplifier 6 which will be described in detail 
hereinafter. The signal applied to this tuned 

5) 

5 5 
zontal synchronizing pulses in accordance with . 
the vertical synchronizing pulse, or in other 
words, by cutting off the bottom of the horizon 
tal pulses. 

Referring now particularly to Figs. 5 to 8, in t 
Fig. 5, there is illustrated a typical video or pic 
ture signal. The brightness or intensity of ill 
lumination of the picture is proportional to the 
voltage of the signal with respect to the refer 
ence or Zero axis. Consequently, the average 
brightness is proportional to the zero-frequency 
component. In Fig. 6, there is illustrated a 
typical signal obtained from either the horizon 
tal, or vertical scanning means at the transmit 
ter, which signal may be used to form the syn 
chronizing signal. It may consist of short rec 
tangular pulses occurring periodically at a fre 
quency which may be of the order of 10 kilo 
cycles per second for the horizontal scanning, 
or of the order of 60 cycles for vertical scanning. 

amplifier is illustrated at 7, while the signal 
obtained therefrom is shown at 8. It will be 
noted that the signal 8 is substantially in the 
form of a sine wave having the excitation fre 
quency. This wave 8 is applied to the shaping 
circuit 9 which will be fully described later and 
which functions to cut off all of the wave 8 be 
low a certain value indicated by the dotted 
line 8a. The phase is reversed in the shaping 
circuit 9 and the output wave fo comprises suc 
cessive short spaced negative pulses. These 
pulses are applied to an amplitude-limiting am 
plifier , which functions to cut off the peaks 
of the pulses fo, thus producing corresponding 
pulses 2, which are reversed in phase and which 
are substantially rectangular. 
The horizontal scanning signal 7 is also ap 

plied to a second tuned amplifier 6d. which is 
similar to the tuned amplifier 6 but which is 
tuned to the second harmonic of the input sig 
nal, thus producing a wave such as shown at 3. 
This wave is applied to a shaping circuit 9a simi 
lar to the shaping circuit 9 and which functions 
to produce negative impulses, as shown at 14, 
which have the same timing and shape as the 
portions of the wave 3 above the line f3a. If 
a twice horizontal frequency signal is available 
from 5, it may be applied, instead of signal T to 

f 5 

unit 6a. 
The vertical scanning signal 5, which is de 

rived from the camera equipment 5, may be ap 



4. 
plied to a tuned amplifier b similar to the pre 
viously mentioned tuned amplifiers but which 
may be tuned to a higher harmonic of its pulse 
frequency, for example, the fifth or sixth har 
monic. It will be understood, that the repre 
sentations of the signals are not intended to 
show frequency relations, as this is obviously 
impossible. Therefore, the designations H.F. 
and L.F. are employed to indicate high and low 
frequency. The amplifier 6b has desired damp 
ing characteristics and there is produced, there 
fore, in the output circuit of the amplifier b an 
oscillatory wave f6 which is damped and which 
has a frequency corresponding to the frequency 
of the tuned circuit of the amplifier. It will be 
understood that the output from amplifier b 
really includes all of the component frequencies 
of the input signal, as would be shown by a 
Fourier analysis, but in the wave 6, the har 
monic to which the tuned circuit is resonant is 
accentuated. This damped wave is applied to a 
shaping circuit 9b which is similar to the pre 
viously-mentioned shaping circuits and which 
functions to cut off all of the wave except 
the upper part of the first positive peak of each 
wave train received from the tuned amplifier, 
that is, all of the wave above the dotted line 
6a. The resulting wave takes the form shown 

at 7. Thus, it will be seen that the pulsating 
signal 5 has been converted into a pulsating 
wave consisting of relatively small and narrow 
pulses and having a large interval between pulses 
during which the output voltage is constant. As 
each of these pulses will later become a vertical 
Synchronizing pulse, it is desirable that it should 
occupy a relatively small interval as compared 
with the interval between pulses and this inter 
val may be controlled by the harmonic to which 
the tuned circuit of the amplifier is resonant and 
by the portion of the first positive swing selected 
by the shaping circuit 9b, 
Each of the tuned amplifier and shaping cir 

cuit combinations (i. e. the elements 6 and , 
the elements 6d and 9a, or the elements b and 
9b) constitutes a device which when energized 
by a pulse signal of the character disclosed, func 
tions to produce a new pulse signal of specific 
character as described more particularly here 
inafter. Each of these devices may be used in 
any instance where it may be desired to utilize 
signals of the character of those produced by 
the devices, 
The output pulse signals from the shaping cir 

cuits 9a and 9b are added together to form a 
combined signal in an adding amplifier 8 which 
will be described fully hereinafter. It will be 
noted that the pulses 4 are negative, while the - 
pulses 7 are positive. Furthermore, the ampli 
tude of pulses 4 may be somewhat greater than 
that of pulses fl. Consequently, the output of 
the adding amplifier 8 comprises a voltage hav 
ing negative depressions or valleys, as illustrated 
at 9, these valleys having a period correspond 
ing to twice the horizontal scanning frequency 
for interlaced scanning. Thus, in effect, valleys 
or depressions are cut or formed in the vertical 
Synchronizing pulse whose beds may be negative 
with respect to the signal level and whose posi 
tions correspond accurately in time relation to 
twice the frequency of the horizontal scanning 
impulse. 
The output of the adding amplifier 8 is ap 

plied to a shaping circuit 20 which is similar to 
the shaping circuits 9 above mentioned and whose 
function is to pass only positive input voltages 
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and to remove the negative voltages. The out 
put of this circuit will have the form shown at 2 
and illustrated more clearly in Fig. 10. Re 
ferring for the moment to Fig. 10, it will be noted 
that the several valleys or depressions in the ver 
tical scanning pulse are accurately and precisely 
located with respect to the horizontal scanning 
signals. It will be obvious therefore that the 
horizontal scanning pulses may be added to the 
vertical scanning pulse, as will be presently de 
scribed, and the horizontal scanning impulses 
may be made to fit properly into their respective 
places in the vertical scanning pulse by adjust 
ing the tuned circuit LC of the horizontal fre 
quency tuned amplifier 6 which will modify the 
phase relation between the horizontal synchroniz 
ing signal and the serrations in the vertical pulse. 
The height of the horizontal scanning impulse 
may conveniently be about twice that of the ver 
tical scanning pulse peak and the duration of the 
horizontal impulses should be somewhat less than 
the time represented by the width of the valleys 
in the vertical scanning pulse. In the case of 
simple interlaced scanning, one set of horizontal 
scanning impulses may fall in valleys C, D, E, F, 
C, while the next set would fall in valleys H, I, 
J, K. It will be understood that where more com 
plicated forms of interlaced scanning are used, 
the number of sets of valleys will be increased ac 
cordingly, 

Referring now again to Fig. 9, the horizontal 
scanning impulses 2, produced as above de 
scribed, may be added to the vertical scanning 
pulse 2 by means of the adding amplifier 22 
which may be similar to the adding amplifier 8, 
The output of the adding amplifier 22 is a com 
posite signal composed of the horizontal and ver 
tical Synchronizing signals and taking the form 
shown at 23 and illustrated more clearly at the 
right-hand end of Fig. 7. In other words, this 
composite signal is similar in form to the portion 
of the signal of Fig. 7 above the reference level 
A-B. 
The apparatus above described which first pro 

duces the Serrated pulse signal 2 f and then com 
bines the pulse signal 2 therewith to form the 
Composite signal 23, may be used in any instance 
where it may be desired to utilize signals of this 
character. The elements involved may be con 
stituted as a unit which is adapted to be ener 
gized by two signals and functions to produce the 
composite signal 23. 
The damped wave 6 produced by tuned ampli 

fier b from the vertical scanning signal is ap 
plied also to the shaping circuit 9c which is simi 
lar to the shaping circuit 9b but is adapted to pass 
a larger portion of the first positive swing of the 
damped wave, that is, the portion above dotted 
line fib, thus producing pulses 24 which are 
similar to pulses but are of somewhat greater 
duration and of greater amplitude. It will be 
noted, however, that the pulses 24 are precisely 
centered with respect to the time of... the pulses 
7. The pulses 24 may be applied to an ampli 

tude-limiting amplifier fa, similar to the cor 
responding amplifier , which cuts off the upper 
portion of each pulse, producing blanking signals 
or pulses 25 which are precisely determined with 
respect to the time of the vertical synchronizing 
pulses 2. It should be noted that the signals 7 
and 24 could be produced by passing the signal 

through a device which would pass only the 
signal 24 and then passing the signal 24 through 
ind device which would pass only the sig 

nal . 
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The wave 8 produced from the horizontal scan 

ning signal by the tuned amplifier 6 is also ap 
plied to a shaping circuit 9d which is similar to 
the shaping circuit 9 but cuts off at 8b rather 
than 8a and consequently produces pulses 26 
which are somewhat larger than the pulses 0. 
Pulses 26 may be applied to an amplitude-limit 
ing annplifier b which, like amplifier a, func 
tions to cut off the peaks of the pulses 28, pro 
ducing substantially rectangular pulses 2. It 
will be understood that the pulses 2 and 27 oc 
cur at the respective frequencies of the Wertical 
and horizontai Scanning signals and, therefore, 
the number of pulses 2 per unit time will be 
much greater than the number of pulses 25. The 
pulses 25 and 2 are applied to an adding ampli 
fler 22a, similar to the adding amplifier 8 and 
22, thus producing a composite signal, as shown 
at 28. This composite blanking signal cor 
responds to the blanking portions of the signal 
shown at 4 in Fig. 7. The signal 28 may be used 
directly in the combining amplifier 3 or it pref 
erably may again be applied to an amplitude 
limiting amplifier lic, similar to the correspond 
ing amplifiers above mentioned, which functions 
to cut-off the upper portion of the signal 28 above 
the dotted line, thus producing a signal of the 
form shown at 29, 
The video signal produced by the camera tube 

5 is preferably passed through a D. C. amplifier a 
30. A. D. C. amplifier is one which will transmit 
signals of all frequencies from Some fixed fre 
quency down to and including Zero frequency with 
substantially uniform gain. The video signal is 
then applied, together with the composite Syn 
chronizing signal 23 and the composite blanking 
signal 29, to a combining amplifier 3 which will 
be described in detail later. This amplifier pro 
duces the composite Signal of Fig. 7. The com 
posite signal may be transmitted alone or it may 
be used to modulate a carrier Wave by means of 
a conventional modulator. 

tube. The resonant circuit LC in the output cir 
cuit of the tube is thus subjected to a current 
which pulsates in accordance with the input sig 
nal. Since this circuit is less than critically 
damped, it Oscillates at its natural frequency. If 
the natural frequency is the same as the rate of 
occurrence of the pulses, the output of the circuit, 
that is, the voltage built up across the resonant 
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Referring now to Figs, 11 to 15 there are shown 
in these figures the various devices employed in 
the system of Fig. 9. Certain parts of the cir 
cuits shown in these figures Comprise conven 
tional means well known in the art which require 
no description. For example, in several in 
stances, conventional resistance-capacitance 
coupled stages of amplification are used. In cer 
tain portions of the circuit of Fig. 9, the polarity 
of the signal in an amplifier is reversed between 
input and output. It will be understood of 
course, that this phase reversal may be obtained 
by using the proper number of stages in each 
amplifier. It is, of course, well known in the art 
that the output of a single stage amplifier is re 
versed with respect to the phase of its input. 
In Fig. 11, there is illustrated a tuned amplifier 

which may be employed at 6, 6a and 6b in the 
system of Fig. 9. This amplifier may comprise a 
vacuum tube 32. A variably tuned circuit LC may 
be provided in the output circuit of the tube 32, 
which may be tuned to a desired frequency, as 
above described, and by means of which the out 
put signal may be shifted in phase. A "high Q' 
amplifier will produce a substantially undamped 
wave as shown at 8 and 3, whereas a "low Q' 
amplifier will produce a damped wave as shown 
at 6. 

It will be seen from Fig. 9 that the tube 32 of 
Fig. 11 is supplied with a pulse signal which occurs 
at a certain rate. This signal is applied to the 
control grid of the tube 32 and causes a corre 
sponding variation in the space current of the 

circuit LC, will comprise a sinusoidal wave having 
the same frequency as the input signal. If now, 
the resonant frequency of circuit LC is changed 
slightly from that of the frequency of the pulse 
signal, the phase of the output signal may be 
varied slightly with respect to that of the input 
signal and the System will continue to produce a 
sinusoidal output signal. This is the condition 
indicated in amplifier 6 of Fig. 9. 
The resonant circuit LC may also be tuned to 

a harmonic of the frequency of the pulse signal, 
in which case the output signal, that is, the volt 
age across the circuit LC, Will again be a sub 
stantially sinusoidal signal having a frequency 
corresponding to the natural period of the circuit 
LC and therefore, to the harmonic of the input 
signal. Suppose, for example, that the circuit 
LC is tuned to the third harmonic of the pulse 
signal. As the voltage is changed in the input 
circuit, the current through the output circuit is 
modified, which causes the resonant circuit to 
oscillate at its natural frequency, in this case 
going through three cycles of oscillation at which 

... point it is again energized by the next similar 
voltage, change in the input circuit. At some 
point of time between these two times, an opposite 
voltage change will have occurred in the input 
circuit and this Will serve to reenergize the os 
cillating circuit by excitation in a proper direc 
tion. at the equivalent time interval. If now, the 
circuit LC has a high "Q,” that is very low series 
resistance, the oscillations will tend to die out 
slowly. In other Words, the amplitudes of the 
initial cycle and that of corresponding cycles will 
not differ by any material amount. If, on the 
other hand, the circuit has a low "Q,” that is high 

5 damping or large series resistance, then the os 
cillations will tend to die out rapidly and there 
will be a marked difference in amplitude between 
the initial and succeeding cycles. Such a damped 
Oscillator is shown at 6b in Fig. 9. 

which may be employed at 9, 9a, 9b, 9c, 9d and 20 
in Fig. 9. This circuit conveniently may com 
prise a tube 33 having its grid biased negatively . 
beyond plate current cut-off by the biasing source 
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34, the value of which determines the portion of 
the positive cycle being transmitted. 
By biasing the grid of tube 33 below the point 

of plate. Current Cut-off, the tube Will not draw 
any plate current unless the control grid is ener 
gized positively by a signal sufficiently large to 
raise the control grid potential above the cut-off 
point. Thus the tube 33 serves as an amplitude 
controlled selecting System in that of any input 
signals supplied to the control grid, only that 
portion of the signal whose instantaneous ampli 
tude is greater than some predetermined amount, 
will cause any change in the output circuit. For 
example, referring to Fig. 9, the shaping circuit 
9a is supplied by an input signal f3, which is ap 
plied to the input circuit of a stage such as shown 
in Fig. 12. The grid of the tube 33 is biased nega 
tively by the battery 34 so that the actual poten 
tial on the control grid exceeds the value cor 
responding to plate current cut-off only When 
the signal 3 of Fig. 9 is greater than the ampli 

In Fig. 12, there is illustrated a shaping circuit 



6 
tude level i3a. Thus, the only part of the signal 
which is transferred through the tube is the part 
above the level Sa and when amplified, this part 
appears as the output signal 4. This output 
signal appears between the anode and ground of 
the tube 33, as indicated in Fig. 12. 
In Fig. 13, there is illustrated an amplitude 

limiting amplifier which may be employed at ff. 
ta, b, and lic in the system of Fig. 9. This 

device may comprise an amplifier. 35 having a 
biasing source 36 and a tube 3 coupled thereto 
as illustrated. The tube 37 has a relatively large 
resistance 38 in its input circuit. Zero bias is ap 
plied to the control grid of this tube 3 and, con 
sequently, when the input signal becomes posi 
tive, the grid draws current which will produce a 
voltage drop in the resistance 38 which will pre 
went the positive portion of the wave from driving 
the grid further positive, thereby producing the 
rectangular signal as above described. 
In Fig. 14, there is illustrated an adding ampli 

fier which may be used at 8, 22, and 22a in Fig. 
9. This device may comprise a pair of tubes; 39 
and 40 having a common anode or output circuit. 
The input or grid circuits of these tubes are sepa 
rate, consequently interaction between the two 
signals other than in the output circuit of the 
device is avoided. In the output circuit the two 
signals are combined or added together. 
Suppose now that an input signal is applied 

to the tube 39 of Fig. 14. This signal applied to 
the control grid of the tube causes a variation in 
the plate current of the tube which causes a 
variation of the current through the common 
anode resistor. Likewise, a second signal ap 
plied to the input circuit of tube 40 will cause a 
variation of its plate current, which will like 
wise cause this signal to appear across the com 
mon load or anode resistor, and the resultant 
signal obtained will be the sum of the signals 
due to current variations in each tube. It will 
further be noted that due to the fact that a vac 
uum tube is inherently a one way relay, the Out 
put signal due to tube 40 cannot react back to 
any appreciable extent through the tube 39 to 
modify the input signal applied to that tube. 
Referring now to Fig. 9, it will be seen that the 

tuned amplifiers 6a and 6b are energized by pulse 
signals having a frequency corresponding to the 
horizontal and vertical Synchronizing signal fre 
quencies, respectively; that the tuned amplifier 
6a produces a sinusoidal signal having twice the 
frequency of the horizontal synchronizing signal; 
and that the shaping circuit a transmits only 
that portion of the thus formed harmonic signal 
above the level 3a, thus forming an output sig 
nal 4. Likewise, the tuned amplifier b, which 
is tuned to a harmonic of the lower synchroniz 
ing signal frequency and whose resonant circuit 
is of the low "Q' type, produces a damped har 
monic wave train as illustrated at f6, of which 
the shaping circuit 9b transmits only that por 
tion of the initial cycle having an amplitude 
greater than the level 6a, thus forming the sig 
nal 7. The signal and the signal are added 
in an adding amplifier 8 such as shown in Fig. 14 
to produce a resultant signal 19, which is then 
passed through an additional shaping circuit 20, 
which serves to transmit only that portion of the 
signal having an amplitude greater than the 
level indicated by the dotted line, thus forming 
the resultant signal 2. 
In Fig. 15, there is illustrated a combining an 

plifier which may be employed at 3 in the system 
of Fig. 9 to produce the desired composite sig 
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2,236,705 
nal. This device may comprise a tube 4 to which 
the video signal having negative signal polarity 
may be applied, said signal corresponding to the 
output signal of a conventional camera tube 
which likewise is of negative polarity and a tube 
42 to which the positive blanking signal may be 
applied. These tubes have a common output or 
load circuit including the resistor 48 and they are 
directly coupled to tube 44. The tube 2 may 
conveniently be biased to cut-off except when the 
blanking signal is applied. Under these cond 
tions, the tube 42 will draw no current except 
during the blanking period and consequently will 
produce no voltage drop across the resistor 48 
except during the blanking period. 
The video signal applied to tube 4 will be 

reversed in phase and will appear across the re 
sistor 43. Consequently this signal will be ap 
plied to the input of tube 4. During the period 
when the blanking signal becomes positive, how 
ever, the plate current of tube 2 will produce a 
voltage drop across the resistor 3 which will bias 
tube 44 to cutoff. Consequently the output of 
tube 44 will appear across the resistor 45 in its 
output circuit in the same phase as the input 
video signal and perhaps greater in magnitude. 
During the blanking period, however, tube is 
biased to cutoff as above stated and, consequently, 
draws no current and will produce no voltage drop 
across the resistor 45. 
The negative synchronizing signal is applied to 

a tube , the anode of which is directly connected 
to the anode of tube 44. When negative syn 
chronizing signals are applied to the grid of 
tube 46, they will decrease the current through 
this tube and, consequently, will appear as post 
tive signals across the resistor 45. 

It will be noted that the reference axis A-3 
of Fig. 7 is established by the current drain of 
tubes 4 and 46 during the time interval in which 
the blanking, signal is applied to tube 42 and no 
Synchronizing signal is applied to tube 4. he 
Synchronizing signals will appear in the output 
across resistance 45 as voltages having a greater 
magnitude than the reference level, while the 
video signal including the zero-frequency con 
ponent will appear as voltages having a lower 
magnitude than that level. 

Referring again to Flg. 7 which represents the 
composite signal including video, synchronizing, 
and brightness control signals, it is noted that 
starting at the left-hand end of the figure the 
video signal is blanked out for a short duration 
of time indicated by 4 during which time the 
horizontal synchronizing signal is inserted 
above the reference level A-B. The duration of 
the blanking signal 4 should be slightly greater 
than that of the horizontal synchronizing pulse . 
The video signal then again appears below the 
level A-B and is again blanked out at 4 and the 
next horizontal synchronizing pulse which would 
correspond to the line immediately following the 
first-mentioned pulse appears. This is followed 
by another portion of video signal and then by 
pulse 2 corresponding to a vertical synchronizing 
pulse. For the duration of the vertical synchro 
nizing pulse 2, the video signal is held completely 
blank. The duration of the serrations in the 
vertical pulse should be sufficient to permit the 
insertion of the horizontal synchronizing pulses 
Without interaction. 
At the receiver the modulated carrier shown in 

Fig. 8 whose envelope corresponds to the wave 
shape of Fig. 7 may be demodulated by a linear 
rectifier which might pass only that portion of the 
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signal on one side of the central dot-and-dash 
line. A signal corresponding to, that of Fig. 7 
may be obtained from the output of this linear 
rectifier and by adding a constant voltage to this 
rectified voltage a signal may be obtained which 
corresponds to the input signal including the 
zero-frequency component at the transmitter. As 
the synchronizing signals are so arranged with 
respect to the video signal as to decrease the light 
intensity of the image of the picture tube beyond 
the no-light-level, this signal may be applied di 
rectly to the picture tubes. It will.be.noted that 
the blanked portions of the video signal are so 
arranged as to form a black border around the 
images at the picture tube. Likewise, since the 
synchronizing signals are fixed with respect to 
the reference level A-B, which may be estab 
lished. at the receiver with a battery, they may 
be separated from the video by amplitude-limiting 
devices, as shown, and then further separated 
into horizontal and vertical synchronizing sigs 
nals by a frequency-selective circuit, and further 
amplitude-selective devices. As may be seen from 
a consideration of the respective frequencies, the 
frequency-selective network will remove the high 
frequency serrations from the low frequency ver 
tical pulses. 
The resultant signals which are obtained at the 

receiver are illustrated in Figs. 16 to 18. Fig. 16 
. corresponds to the blanked video signal, with the 
synchronizing signals removed, as is preferable. 
The horizontal blanking supplies the black border 
on the sides of the picture, while the vertical 
blanking supplies the black border at the top and 
bottom of the picture. The blanking also cuts of 
the electron beam of the picture tube during the 
beam return time. Figs. 17 and 18 represent re 
spectively the horizontal and vertical synchroniz 
ing signals after they have been separated by 
amplitude and frequency-selective means. The 
synchronizing signals thus obtained may be used 
to actuate a device at the receiver, such as that 
shown in my copending application, Serial No, 
25,517, fled June 7, 1935. 
Although the invention has been illustrated 
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and a pulse signal from the other of said sources, 
to form a combined pulse signal; means compris 
ing a shaping circuit for changing the wave shape 
of the pulses of the combined signal to form a 
pulse signal having serrations therein; and means 
for combining said last-named signal with a sig 
nal from one of said sources. . . . . 

3. In an electrical system utilizing pulse slig 
nals; a source of pulse signals of one amplitude 
and having a certain rate of occurrence; a second 
source of pulsesignals having a higher amplitude 
and a higher rate of occurrence than the pulses 
of said first pulse signal; adjustable means re 
sponsive to a signal from one of said sources for 
deriving another pulse signal therefrom; means 
for combining in opposed relation said derived 
pulse signal and a pulse signal from the other of 
said sources to form a combined pulse signal: 
means comprising a shaping circuit for changing 
the Wave shape of the pulses of the combined sig 
nal to form a pulse signal having serrations there 
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and described with specific reference to a picture 
transmission System, it is capable of broader 
application as above mentioned and is susceptible 
to modification, as will be apparent to those 
skilled in the art. 

I claim. 
1. In an electrical System utilizing pulse sig 

nals; a source of pulse signals of one amplitude 
and having a certain rate of occurrence; a second 
source of pulse signals having a higher ampli 
tude and a higher rate of occurrence than the 
pulses of said first pulse signal; means, connected 
to both of said Sources, for combining in opposed 
relation a signal from one of said sources and a 
signal from the other of said Sources, to form a 
combined pulse signal; means comprising a shap 
ing circuit for changing the wave shape of the 
pulses of the combined signal to form a pulse 
signal having Serrations therein; and means for 
combining said last-named signal with a signal 
from one of said sources. 

2. In an electrical system utilizing pulse sig 
nals; a source of pulse signals of one amplitude 
and having a certain rate of occurrence; a second 
source of pulse signals having a higher amplitude 
and a higher rate of Occurrence than the pulses 
of said first pulse signal; means responsive to a 
signal from One of Said sources for deriving an 
other pulse signal therefrom; means for combin 
ing in opposed relation said derived pulse signal 
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in; and means for combining said last-named 
signal with a signal from one of said sources. 

4. In an electrical system utilizing pulse sig 
nals; a source of pulse signals of One amplitude 
and having a certain rate of occurrence; a second 
Source of pulse signals having a higher ampli 
tude and a higher rate of occurrence than the 
pulses of said first pulse signal; means responsive 
to a signal from one of said sources for deriving 
therefrom another pulse signal having a different 
rate of occurrence; means for combining in op 
posed relation said derived pulse signal and a 
pulse signal from the other of said sources, to 
form a combined pulse signal; means comprising 
a shaping circuit for changing the Wave shape 
of the pulses of the combined signal to form a 
pulse signal having serrations therein; and means 
for combining said last-named signal with a sig 
nal from one of said Sources. 
5. In an electrical system utilizing pulse sig 

nals; a source of pulse signals of one amplitude 
and having a certain rate of Occurrence; a second 
source of pulse signals having a higher ampli 
tude and a higher rate of occurrence than the 
pulses of said first pulse signal; means, connected 
to both of said sources, for combining in opposed 
relation a signal from one of said sources and 
a signal from the other of said sources, to form 
a combined pulse signal; means for transmitting 
a portion of the cycle of said combined signal to 
form a pulse signal having Serrations therein; 
and means for combining said last-named signal 
with a signal from one of said sources. 

6. In an electrical system utilizing pulse sig 
nals; a source of pulse signals of one amplitude 
and having a certain rate of occurrence; a second 
Source of pulse Signals having a higher ampli 
tude and a higher rate of occurrence than the 
pulses of said first pulse signal; means, connected 
to both of Said sources, for combining in opposed 
relation a signal from one of said sources and a 
signal from the other of said sources, to form a 
combined pulse signal; means comprising a shap 
ing circuit for changing the wave shape of the 
pulses of the combined signal to form a pulse 
signal having Serrations therein; and means for 
adding said last-named signal to a signal from 
One of Said SOurces. 

7. In an electrical system utilizing pulse sig 
nals; a source of pulse signals of one amplitude 
and having a certain rate of occurrence; a second 
source of pulse signals having a higher ampli 
tude and a higher rate of occurrence than the 
pulses of Said first pulse signal; means for deriv 

  



8 . 
ing a pulse signal from said first-named source: 
means for deriving a pulse signal from said Sec 
ond-named source, means for combining said de 
rived pulse signals in opposed relation, to form a 
combined pulse signal; means comprising a shap 
ing circuit for changing the wave shape of the 
pulses of the combined signal to form a pulse 
signal having serrations therein;.. and means for 
combining said last-named signal with a signal 
from one of said sources. 

8. In an electrical system utilizing pulse sig 
nals, a source of an electric pulse signal, said 
signal including wave components of fundamen 
tal and harmonic frequency, one of said corn 
ponents exceeding in magnitude any of the others, 
means for selecting one of said wave components 
other than the said largest component from Said 
source, and aperiodic wave shaping means for 
transmitting only a portion of each cycle of the 
said selected wave component, whereby a new 
pulse signal is formed. 

9. In an electrical system utilizing pulse signals, 
a source of an electric pulse signal, said signal 
including wave components of fundamental and 
harmonic frequency, one of said components ex 
ceeding in magnitude any of the others, means 
for selecting one of said wave components other 
than the said largest component from said source, 
aperiodic wave shaping means for transmitting 
only a portion of each cycle of the said selected 
wave component, whereby a new pulse signal is 
formed, and additional aperiodic wave shaping 
means for transmitting only a portion of each 
cycle of said selected wave component, whereby 
a different new pulse signal is formed. 

10. In an electrical system utilizing pulse sig 
nals, a source of an electric pulse signal, said 
signal including wave components of fundamental 
and harmonic frequency, one of said components 
exceeding in magnitude any of the others, means 
for selecting one of said wave Components other 
than the said largest component from said source, 
and aperiodic wave shaping means for trans 
mitting only a portion of each cycle of the Said 
selected wave component having an instantane 
ous potential between two amplitude levels one 
of which is greater than the other, whereby a new 
pulse signal is formed. 

11. In an electrical system utilizing pulse sig 
nals, a source of an electric pulse signal, Said : 
signal including wave compnnents of fundamental 
and harmonic frequency, means for selecting one 
of said harmonic wave components from said 
source to the exclusion of the fundemental and 
other harmonic components, and aperiodic wave : 
shaping means for transmitting only a portion of 
each cycle of the said selected harmonic wave 
component, whereby a new pulse signal is formed. 

12. In an electrical system utilizing pulse sig 
nals, a source of an electric pulse signai, said 
signal including wave components of fundamental 
and harmonic frequency, means for selecting one 
of said harmonic wave components from said 
source, aperiodic wave shaping means for trans 
mitting only a portion of each cycle of the said 
selected wave which has a positive polarity with 
respect to one amplitude level and a negative 
polarity with respect to a second amplitude level 
greater than said first-named amplitude level, 
and additional aperiodic wave shaping means for 
transmitting only a portion of each cycle of the 
Said Selected wave which has a certain polarity 
E. respect to a third predetermined amplitude 
level, 

13. In an electrical system utilizing pulse sig 
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nals, a source of an electric pulse signal, said 
signal including wave components of fundamental 
and harmonic frequency, means responsive to 
said source for producing damped wave trains 
having a frequency corresponding to one of said 
harmonic frequencies to the exclusion of the 
fundamental and other harmonic frequencies, 
and means for transmitting only a portion of 
each of said wave trains, whereby a new pulse 
signal is formed. 

14. In an electrical system utilizing pulse sig 
nals, a source of an electric pulse signal, said 
signal including wave components of fundamen 
tal and harmonic frequency, means responsive to 

5 said source for producing damped wave trains 
having a frequency corresponding to One of said 
harmonic, frequencies, aperiodic wave shaping 
means for transmitting only a portion of each 
of said wave trains which has a positive polarity 
with respect to one Amplitude level and a nega 
tive polarity with respect to a second amplitude 
level greater than said first-named amplitude 
level, and an additional aperiodic wave shaping 
means for transmitting only a portion of each 
of said wave trains which has a certain polarity 
with respect to a third amplitude level. 

15. In an electrical system utilizing pulse sig 
nals; an output circuit; means responsive to an 
input signal for producing in said output circuit 
an output signal having the same wave shape as 
said input signal and having one polarity with 
respect to a predetermined output potential level; 
means for eliminating said output signal and 
establishing said predetermined level in said out 
put circuit at intermittent intervals; and means 
responsive to another input signal for producing 
in said output circuit, during said intervals, an 
output signal having the same wave shape as 
said other input signal and having the opposite 
polarity with respect to said predetermined level. 

16. In an electrical system utilizing pulse sig 
nals; an output clicult; means responsive to an 
input signal for producing in said output circuit 
an output signal having the same wave shape as 
said input signal and having one polarity with 
respect to a predetermined output level; means 
responsive to a second input signal for eliminat 
ing said output signal and establishing said pre 
determined level in said output circuit at inter 
mittent intervals; and means responsive to a 
third input signal for producing in said output 
circuit, during said intervals, an output signal 
having the same wave shape as said third input 
signal and having the opposite polarity with re 
spect to said predetermined level. 

17. In an electrical system utilizing pulse sig 
nals; an output circuit; means responsive to an 
input signal for producing in said output circuit 
an output signal having the same wave shape as 
said input signal and having one polarity with 
respect to a predetermined output level; means 
responsive to a second input signal for eliminat 
ing said output signal and establishing said pre 
determined level in suid output circuit at inter 
mittent intervals; a source of input signals; 
means responsive to said source of input signals 
for producing in said output circuit, during said 
intervals, an output signal having the same wave 
shape as the input signals from said source and 
having the opposite polarity with respect to said 
predetermined level; and means responsive to said 
Source of input signals for deriving said second 
signal. 

18. In an electrical system utilizing pulse sig 
nals; an output circuit; means responsive to an 
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input signal for producing in said output circuit 
an output signal having the same wave shape as 
said input signal and having one polarity with 
respect to a predetermined output level; means 
responsive to a second input signal for eliminat 
ing said output signal and establishing Said pre 
determined level in said output circuit at inter 
mittent intervals; a source of input signals; 
means responsive to said source of input signals 
for producing in said output circuit, during said 
intervals and of lesser duration than the dura 
tion of said intervals, an output signal of one 
amplitude having the same Wave shape as the 
input signals from said source and having the 
opposite polarity with respect to said predeter 
mined level; and means responsive to said source 
of input signals for deriving said Second signal. 

19. The method of forming narrow pulses oc 
curring at a desired frequency from a pulse signal 
having wave components of different frequencies 
including the desired frequency, which comprises 
selecting from said pulse signal the wave con 
ponent having the desired frequency, forming a 
wave signal having a frequency corresponding to 
the desired frequency, and transmitting only a 
portion of said Wave signal to form narrow pulses 
occurring at the desired frequency. 

20. The method of forming accurately timed 
narrow pulses from a pulse signal having wave 
components of fundamental and harmonic fre 
quency, which comprises selecting one only of 
the harmonic Wave components from said pulse 
signal, forming a wave signal having a frequency 
corresponding to the Selected harmonic frequency, 
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and transmitting only a portion of said wave 
signal to form narrow pulses occurring at the 
selected harmonic frequency. 

21. The method of forming accurately timed 
narrow pulses from a pulse signal having wave 
components of fundamental and harmonic fre 
quency, which comprises selecting one only of the 
harmonic wave components from said pulse sig 
nal, forming damped wave trains having a fre 
quency corresponding to the selected harmonic 
frequency, and transmitting only a portion of 
each of said damped wave trains to form narrow 
pulses occurring at the selected harmonic fre 
quency. 

22. In combination, an electron tube to which 
pulse signals having different frequency com 
ponents are supplied, an anode circuit for said 
tube, a resonant circuit connected in the said 
anode circuit, whereby the Output of said tube is 
a wave signal whose frequency is determined by 
said resonant circuit, and means connected to 
said anode circuit for producing pulses occurring 
at the frequency of said wave signal. 

23. In combination, an electron tube to which 
pulse signals having different frequency com 
ponents are supplied, an anode circuit for said 
tube, a resonant circuit connected in the said 
anode circuit, whereby the output of said tube is 

30 
a wave signal whose frequency is determinied by 
said resonant circuit, and amplitude-limiting 
means connected to said anode circuit for pro 
ducing pulses occurring at the frequency of said 
Wave signal. . ' 

RICHARD L. CAMPBL. 

  


